Seeding grasses on abandoned cropland, or land converted from cash crops into permanent pasture, is a common practice in submarginal dryland areas of the Great Plains.
Cultural methods and seedbed preparation techniques are well established with summer fallow, tilled grain stubble, and standing <grain stubble the three most recommended and used (Anderson et al., 1957; Barnes et al., 1952; Clark and Heinrichs, 1941; Douglas et al., 1960; Launchbaugh, 1966; Parker, 1961; Sittler, 1958; Stark et al., 1946; Staten, 1943) . Their primary purpose is the conservation of soil moisture for germination and growth of the seedlings. The added advantage of wind or water erosion control is achieved with the tilled stubble and standing stubble techniques. (Launchbaugh, 1966) . Occasionally a study of cultural methods shows an adverse effect of seeding in small grain stubble. Douglas et al. (1960) found that seeding grasses into wheat stubble produced good stands but plant development was retarded.
Five years were required for the grass to reach full production, as compared to three years for seedings on fallowed land.
The purpose of this study was to evaluate emergence of range grasses under summer fallow, tilled stubble, and standing stubble cultural methods under the very dry conditions of southern Montana, and to determine the most consistently successful method over a period of years.
Methods and Materials
The three cultural methods of summer fallow, tilled stubble, and standing stubble were applied on a Heldt silty clay loam soil at Bridger, Montana, during 1966 Montana, during , 1967 Montana, during , and 1968 This was a dryland site with a 50-year mean annual precipitation of 10.35 inches. Each of the study areas had been sown to spring wheat the year prior to treatment.
In the treatment year each study area was spring plowed and one-third of the area summer fallowed throughout the season as needed to prevent weed growth. Two-thirds were replanted to spring wheat and mowed to an 8-inch stubble height at the post-bloom stage with the cut material left on the site. One-half of the wheat area was then incorporated into the surface 4 inches of soil and the other half left standing.
These three treatments were repeated on separate areas for each of the three years indicated.
In were plowed in the fall of the same year the seedlings emerged.
The 1967 planting was allowed to grow through the second (1969) season.
Results and Discussion
The cultural treatments showed highly significant differences in the numbers of seedlings emerging per row foot each year (Tables  1, 2 , and 3). The performance of prairie sandreed was very poor under all cultural treatments and in all years. We thought that fall seeding of this warm-season grass caused a loss of seed viability and subsequent poor emergence, but other spring seedings and a variety of other soils and climates have shown the same poor emergence.2
The interaction of cultural treatments and species was not significant in 1967 but was highly significant (P = .Ol) in 1968 and 1969. Nevertheless, all species generally emerged better under the summer fallow treatment.
Summer fallow resulted in the greatest number of seedlings per row foot over the three-year period (Table  5 ). The treatment producing the least seedlings was tilled stubble.
The additional moisture that might be expected to be available under the crop residue treatments did not provide better stands of grass over the summer fallow treatment. The tilled stubble was, in fact, a statistically distinct detriment.
We did not determine if this detriment was due to a phytotoxicity of the crop residue, lower soil temperatures, shading, or some other factor.
For practical purposes of forage production and erosion control, on the other hand, all treatments achieved acceptable levels of seedling stands in this study. Stands of four to five plants per row foot, or seven to nine plants per square foot, were achieved with seeding rates one-third to one-half lower than those usually recommended for this type seeding.
Since all interaction combinations of years, species, and cultural treatments were highly significant (P = .Ol), a single approach to seeding grasses on dryland sites that will assure the greatest success appears impractical.
Growth Suppression
The fall 1967 seedin g was allowed to grow through the seedling year (1968) and into the sec-GRASS SEEDLING EMERGENCE 229 ond growing season (1969) . A good stand of wstem wheatgrass was adjacent to a poor stand of prairie sandreed.
During both the seedling and second growing seasons rhizomes of the western wheatgrass extended vig.orously into the essentially empty area of the prame sandreed.
By the beginning of the second season these rhizomes had extended seven feet under the mummer fallor\, treatment but only 1% to 2 feet under the tilled stubble and standing stubble treatments ( Figs. 1 and 2 ). Rhizome extension was measured from the center of the row adjacent to the empty area. This dramatic suppression of growth is attributed to the presence of the wheat straw residue.
A deficiency of available nitrogen under the crop residue treatments may account in part for the poor rhizome spread, as well as the possibility of phytotoxicity from the residues. Considerable evidence is available to show that many crop residues have a toxic effect on germination and growth of seedlings of crops that follow. The toxicity is caused partly by soil microor~ga nisms which require certain plant residues as a substrate to elaborate toxic compounds (Behmer and McCalla, 1963; Norstadt and McCalla, 1968) . Soluble substances in the plant residues can also cause poor seedling performance without the presence of microorganisms (Guenzi and McCalla, 1962; Guenzi et al., 1967; Behmer and McCalla, 1963 We suggest further study of this phenomenon is needed.
Summary and Conclusions
The results of this investigation show that mummer fallow culture will provide consistently better grass stands; but, for practical purposes, adequate grass stands can be established under any of the three cultural methods presently recommended; that a dramatic suppression of growth can occur under a crop residue culture; and that the particular soil, land condition, previous crop, moisture availability, and wind or water erosion hazard mut be considered in rhe decision to use any one cultural treatment.
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